i : S 4

S LAl | Copy
COMEDENTAL RM H55L282
& Y
[Ie)
J19
T o T -
: - NACA
< - |
O _
] _
=
FLIGHT INVESTIGATION OF THE EFFECT OF VERTICAL-TAIL SIZE
"3 ON THE ROLLING BEHAVIOR OF A SWEPT-WING AIRPLANE

. By

y

HAVING LATERAL-LONGITUDINAL COUPLING

By Thomas W. Finch, James R. Peele, and
Richard E. Day

CLASSIFICATION CHANGED, |
UNCLASSIFIED " Pingatetige gaon

e e e et et e :

®uthority of_ﬂm_ AL pe 822 g 57
v 3-37-s5 T
NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS
WASHINGTON

April 10, 1956

CONHDENTIAL

UNCLASS!IFIED



1v

UNCLASSIFIED o ][- “;J‘l‘l‘ﬂ ﬁfﬁﬁ!ﬁ!&ﬂ!ﬂlﬂl

NATTONAL. ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FLIGHT INVESTIGATION OF THE EFFECT CF VERTICAT~TATI. SIZE
ON THE ROLLING BEHAVIOR OF A SWEPT-WING ATRPLANE
HAVING LATERAT-LONGITUDINAT, COUPLING

By Thomss W. Finch, James R. Peele, and
Richsrd E. Day

SUMMARY

Flight tests have been performed over a Mach number range of 0.73
to 1.39 to determine the rolling behavlior of a swept-wlng airplene heving
latergl-longitudinal coupling. The tests were made at eltitudes of
40,000 feet and 30,000 feet and employed three different vertical tails
with verying aspect ratlo or aresa, or both, and two wing configuretions,
the basic wing, and the basic wing plus wing-tip extensions.

The alrplane with the original vertical tall exhibited violent
motions resulting fraom cross coupling et the higher rolling velocities.
Consequently, tests with this conflguration were limited to low aileron
deflections and to bank angles less than 90°. Doubling the directionsal
stebllity by increasing the tall area 27 percent and the tall aspect ratio
32 percent greatly improved the rolling behavior ensbling rolling rates
on the order of 3 to U4 radlans per second to be obteined.

The adverse sldeslip encountered during roll maneuvers decreased with
Increasing speeds to negligible values over a Mach number renge of approx-
imetely 1.00 to 1.05; the sideslip then increased in & favorable direction
with further increases in speed. The present sellowable sideslip angles
imposed by structural limitstions were not epproached at elther subsonic
or supersonic speeds. Engine gyroscopic effects caused the rolling
behavior to be worse in left rolls at subsonic speeds (adverse yaw) and
in right rolls at supersonic speeds (fa.vora.ble yaw).

Small sirplasne nose-up stabllizer motion during the roll made the
behavior conegiderebly worse at subsonlc speeds, whereas smsll stabilizer
motion in the opposite direction lmproved the behavior. AL supersonic
speeds the reverse ls true, but to a lesser degree.

LINC USSR
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INTRODUCTION

The possibility of encountering large angles of sideslip or attack,
or both, as a result of lateral-longltudinal coupling during rolling
maneuvers has been treated theoretically in reference 1. Tt was concluded
that sirplanes can encounter lateral and longitudinal divergence in
rolling maneuvers if the rate of roll is sufficiently high and the pitch
and yaw stgbillty are not properly proportioned. Large angles of side-
8lip or angles ., of attack might be expected when the rolling velocity
approaches the natural frequency in yaw or pitch.

Violent motions resulting from rolling maneuvers with a straight-wing
research sirplane and also with the swept-wing alrplane discussed 1n this
paper were reported in reference 2. Similar behavior occurring during
meneuvers of g delta-wing airplane was reported in reference 3. Since
the aserodynamic and mass characterlstics of these configurations are
representative of current design practice, it mey be antlcipeted that many
present and future configuratlions could encounter the same problem.

Because of the severe roll coupling involved in performing large
deflection rolls with the original tail, the rolls with this tall were
limited to small bank angles and low aileron deflections, and a program
was lnitisted to study the effect of an Iincrease in vertlcal-tall size
on the rcolling behavior.

This peper presents dete obtslined during the investigetion of rolling
behavior of a swept-wing fighter-type airplane with three different wver-
tical talls which have been used to establish a progressively higher level
of directional stability as reported in reference 4, and with two wing
configuretions, the basic wing and the basic wing plus wing-tlip extensions.

SYMBOLS
p2
A aspect ratio, -y
an normal scceleration, g units
a transverse acceleration, g units
b wing span, £t
Cn yawing-moment coefficient, Yawing moment

gSb
SONERDINIE.
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oC
Cng = -?I-‘
c chord, £t
¢ mean serodynsmic chord, £t
Fy aileron stick force, 1lb
Fr rudder pedsl force, 1lb
Fq stabilizer stick force, Ib
g acceleration due to gravity, £t sec?
by pressure sltitude, £t
Ix moment of inertis sbout X-sxis, slug-£t2
Iy moment of inertia sbout Y-axis, slug-£t2
Iy, moment of inertie ebout Z-sxis, slug-£t°
Ixy, product of imertia, slug-ft2
it angle of tail incldence measured from line parallel to longi-
tudingl axis of airplane, deg
M Mach number
P rolling angulsr velocity, radlans/sec
a pitching anguler velocity, radlans/sec
r yewing engular velociby, radians/sec
S wing area, sq £t
5 time, sec
4 Indicated angle of abttack, deg or radians
B indicated a.n__gle of sideslip, deg



L -

Lo, increment in angle of attack, deg
AB Increment in angle of sldeslip, deg
Bg aileron deflection, deg

Eat totel alleron deflection, deg

8, ‘rudder deflection, deg

A taper ratio

Ac/h angle of sweepback at quarter chord, deg
P bank angle, deg

Subscripts:

max maximum measured value

0] initial condition

ATRPLANE AND INSTRUMENTATION

NACA RM H55L28a

The alrplane utllized in this Iinvestigation is a fighter-type with

a single turbojet englne and a low swept wing and tadll.

A drawing and

photograph of the ailrplane with the original vertical tail A are shown
in figures 1 and 2, respectlively. The geometric and mass characteristics

are glven in table I.

The three verticsl telils used in the program were characterized by

differing areas and aspect ratios as follows:

Tail Area, sq. ft | Aspect ratio
A 33.5 1.13

B _ 3T.3 1.49

c ha.7 1.k9

Drawings of the three talls defining the above areas are shown in
figure 3. A photograph compasring taills A and C is presented in figure 4.

The same rudder was employed for all tails.
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An additional configursblon was tested with tall C consisting of
wing-tip extenslions which changed the wing characteristics as follows:

Ares, sq £t Span, £t Aspect ratio

Basic wing 376 36.6 3.56
Basic wing plus wing-tip 385 38.6 3.88
extensions

Complete stgbility and control instrumentstion was insbtalled for
the £light research reported in this paper. The angle of attack, angle
of sideslip, alrspeed, and altitude were sensed on the nose boom. The
Mach numbers presented are based on a preliminary celibration of the
girspeed installstion and are considered sccurste to 0.02 at subsonic
speeds and to 0.0l abt supersonic speeds. The angle-of-attack and angle-
of-sideslip data presented in the time histories are corrected for
pitching velocity and yawing velocity, respectively. The bank angle was
obtained by imtegrating rolling velocity.

TESTS

Abrupt rudder-fixed gileron rolls from level £light were performed
with three different tail configursbtions as follows:

5
Tail M hy, £t (appr:a'bi te P, deg
deflection)
A 0.73 30,000 2/3 360
A 0.93, 1.25 40,000 Up to 1/3 90
B 0.73 30,000 Up to 2/3 90 and 360
B 0.78 to 1.30 40,000 Up to 2/3 90 and 360
C 0.73 30,000 Up to full 360
c 0.83 to 1.25 40,000 Up to full 360
C 1.34 and 1.39 40,000 Up to 2/3 360

A limited number of rolls were also mede with tail Cat M = 0.73 and
hp = 30,000 feet for one-half to full deflections starting the maneu-
vers from about 0.7g. Daba were obtalned for tail C with and withoub
wing-tip extensions. Although the wing-tip extensions add some Iinertia
to the airplane, particularly sbout the roll axis, the overall effect
on the inertia charxacteristics 1s negligible.

JNny
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RESULTS AND DISCUSSION

An example of extreme roll coupling (reported in ref. 2) is glven
in figure 5 which presents the measured quantities for an abrupt two-
thirds-deflection aileron roll with the originsl wverticsl tail A at
M = 0.73 at an altitude of about 32,000 feet. No discussion 1s given
for this figure since the maneuver has been adequately covered in refer-
ences 5 and 6 in combinstion with an analysis of its analog simulation.

Becguse of the violent behavior of the airplane during the roll pre-
sented in figure 5, the remaining rolls performed with tall A were limited
to small deflections and to bank angles less than 90°. The results
obtained in the manner described by figure 6 and shown in figure 7 are
presented as variations wlth the maximum rolling wvelocity of the meximm
initial changes in angle of sideslip AR and angle of attack Aa encoun-
tered during the roll. (Changes in AR and Aa resulting from the
recovery phase of the maneuver are discussed later.) In a right roll,
positive A i1ndicates adverse sideslip and negative AR 1indicates
favorable sideslip. (The term "favorable" i1s used to indicate that the
direction is opposite to thet of adverse.) An analog simulation of the
roll (fig. 5) indicated thet the first peak of the sideslip trace
(A8 =~ -200) occurred at a rolling velocity of aboutb 2.4 radisns per sec-
ond. The remalning rolls with tall A were made at rolling veloclties
less than 1.5 radians per second with maximum velues of AR and Ax
equal to -5° and -2°, respectively.

The results of the investigation with tall B are presented in fig-
ure 8 for rolls to bank angles of 360°. The rolls were made with eileron
deflections up to two~thirds, resulting in maximm rolling velocities
generally on the order to 2 to 3 radians per second. The measured side-
glip angles were epproaching the temporary restrietion imposed by the
manufacturer because of structural limitations; therefore no larger
rolling velocities were investigated. A maximum value of AR = -20°
was recorded with tail B at M = 0.93 at 40,000 feet (fig. 9). A value
of Az = -2° (Ag = 0.5) occurred during the roll but a total change in a
of 9° (Ag = 2.1) occurred during recovery.

Typical time histories of full-deflection rolls performed with tail C
at M =~ 1.26 sare presented in figure 10 and a summary of all results with
tail C is presented in figure 11 for rolls to bank angles of 360°. Rolls
were made to full silleron deflection at all Mach numbers except st
M=~ 0.83 and gbove M =~ 1.25 vwhere the tests were limited because it
was felt the sideslip engles were tending to approach the temporary struc-
tural Idmitatbtions restriction of the msnufacturer. Rolling velocitiles
reached for the full-deflection rolls were on the order of 3 to 4 radians
per second. The data for tall C with the basic-wing configuration and
the confilguretion with wing-tip extensions are presented together, since
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the only dlifference between the two configurations was the slightly lower
peak rolling rate which was obtalned with the wing-tip extensions. The
meximm velues of AS and Ag recorded with tail C were -15.5° and -6°,
respectively, snd occurred et M = 0.73 and 30,000 feet for a rolling
velocity of 3.65 radiens per second.

The results presented in figures T, 8, and 11 ere summarized in
figure 12 for Mach mumbers of approximstely 0.73, 0.93, snd 1.25 to show
the effect of talil size and roll direction. At each of these Mach mum-
bers 1t masy be seen that, at a glven rolling velociby, lower values of AB
and Ao genersglly resulted as tell slze Increassed. This condition 1is
particularly evident at the higher rolling veloclties tested. This effect
is attributed to the increase 1n directional stability, as indicated by
the results of the analog study reported in reference 5. It was shown
thet for an increese from 0.001 to 0.002 in the wvglue of CnB, values of

which are comparsble to the measured vaelues for tails A and C (ref. k),
the rolling behavior was considergbly lmproved.

Previous figures have shown that at subsonic speeds the sideslip
developed during the roll was in the same direction as the roll, or
adverse, vwhereas, at supersonic speeds the sideslip developed in the
favorable direction. This is clearly shown in figure 13 which presents
the Mach number varigtion of values of AR encountered in cne-hslf and
full-deflection rolls with tail C at an altitude of 40,000 feet. For
full-deflection right rolls the value of A8 varied fram sbout 8° st
M=0.85 to -8°at M=~1.26. For comparsble left rolls the value of A
varied from sbout -13.5° at M = 0.95 +to 4.0° at M= 1.26. It is evident
from these maneuvers, performed with essentially no stabilizer movement,
that the values of AB changed from adverse to favorsbie near Mach mum-
bers of 1.00 to 1.05.

The temporary sldeslip restrictions Imposed during the tests reported
in this paper and the present allowable sideslip angles, both glven by the
mgnufacturer becguse of structural limitations, are shown in figure 13 for
an altitude of k0,000 feet. Nelther restriction was spproached at sub-
sonic speeds. The temporary restrictions were gpproached at supersonlc
speeds; however, only sbout half the present allowable sideslip angle was
reached at supersonlc speeds near a Mach mumber of 1.25. In maneuvers
where there was edverse stebilizer movement, as discussed subsequently,
larger values of AR were measured. These values of 12° at M = 0.93
and 8° and -9° at M = 1.26 are shown in figure 13. The maximum values
of A3 measured at M = 0.73 and 30,000 feet (fig. 11) were 11.5°
and ~15.5°.

The effect of roll directlon mey slso be seen in previous figures.

At subsonic speeds there are apprecisbly larger values of AR and Aa
megsured in left rolls then in the right rolls gt the higher roliling



8 ST NACA RM H55L28a

velocities tested. At supersonic speeds ‘there is less effect from roll
direction; however, the rolling behavior is somewhat worse in rolls to

the right. Unpublished asnalog studies indicate a similer effect caused
by roll dilrectlon. When the engine gyroscoplce terms were removed from

the equations of motion, the left and right rolls were ldentical, indi-
cetbing that this asymmetry 18 caused by engine gyroscoplc effects.

As 1ndicated previously, stebllizer movement durlng the rolling
maneuver could considersbly affect the rolling behavior. Unpublished
anaslog studies have shown that pilitching weloelty produced by the change
in stsbilizer position during a rolling maneuver has considerable influ-
ence on roll coupling. An example of the effect of stabilizer movement
is given in figure 14 which presents quantities measured during three
full-deflection rolls at M = 0.93 and at 40,000 feet. For stabilizer
movements of sbout 1° (airplane nose-down), 0°, and -2° (airplane nose-up)
during the roll, A8 wvalues on the order of 1.5°, 5%, and 11.5° were
encountered. The stabllizer movement spparently had 1litile effect on the
initisl change in o, since the values of Ax were all sbout -1°. At
supersonic speeds stabllizer movement seems to have a smeller effect but
in the opposite direction, which might be attributed to favorable yaw st
supersonic speeds.

It should be mentioned that only sbout one-third inch of stick move-
ment 1s required per degree of stebllizer movement. Although the use of
corrective girplene nose-down stgbllizer movement during an alleron roll
might be expected to improve rolling behavior et subsonic speeds, this
procedure would be an unnatursl control movement for the pilot because
of the initisl decrease 1n angle of attack and normsl accelerstion during
the roll.

-

Unpublished anslog studies indlcate that the inltlal angle of attack
for the roll entry had a considersble effect on the rolling behsvior.
For M = 0.70 at 30,000 feet 1t was found the values of Af and Ao
were negligible when the initia% angle of attack was decreased from 5°
(equivalent to 1 g flight) to 1°.

This effect was checked in £light at M =~ 0.73 and at 30,000 feet
for one-half to full-deflectlion rolls. The resulits are summarized in
Figure 15. In all cases when the initial angle of attack was reduced
from sbout 4° to 2.5°, the velues of AR and Ax decreased. It may be
assumed that, for a given rolling velocity, larger values of AR and Ao
would be expected gt load factors greater than 1.0g.

The previous discussion has been devoted primarily to the maximum
initisl changes in o &and B resulbting from the roll input. It should
be polnted out that in some cases with tedl C at M = }1.25 for full-
deflection rolls (see fig. 10), positive changes in o as large as 5°
(data not presented) closely followed the small initial negative values.
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The messured values of AR and Aa resulting fram the roll recov-
ery were generally opposite In direction to the values resulting from
the roll input and, except for same Instances, Were generally no greater
in magnitude. Unpublished analog studies 1ndicate the values of AR
and Aa wWere ususlly as grest during roll recovery as they were during
the rolling meneuver. The megnibtudes of Aac and AR encounbered during
roll recovery sre in part directly dependent on the type of roll recovery
used by the pilot, since all three comtrols (aileron, rudder, stebilizer)
would be used. It 1s evident that the pilot would use g different recov-
ery technique from rolls in which lsrge values of AR and Ao resulted
(figs. 5 ard 9) than from rolls in which only moderate values resulted.

CONCILUSIONS

From the results obtained during the £flight lnvestigsition of the
rolling behavior of a swepb-wing airplsne with three different vertical
tails 1t may be concluded that:

1. Doubling the directional stabllity by lncreasing the teil ares
27 percent gnd increasing the tall aspect rabtio 32 percent greatly alle-
viated the exbtreme roll coupling with the original verticsl tall engbling
rolling rates on the order of 3 to 4 redisns per second to be obtained.

2. The adverse sideslip encountered during roll maneuvers decreased
with increasing speeds to negligible values near Mach numbers of 1.00
t0 1.05. The sideslip then incressed in a favorable direction with fur-
ther incresses 1n speed. The present alloweble sldeslip angles imposed
by structurel limitations were not approached at eilther subsonic or
supersonic speeds.

3. Engine gyroscoplc effects caused the rolling behavior to be worse
in left rolls at subsonic speeds (adverse yaw) and in right rolils at
supersonic speeds (favorable yaw).

4. Smell sirplene nose-up mobtlon during the roll msde the behavior
considersbly worse at subsonic speeds, while small stebllizer motlons
in the opposite directlion improved the behavior. At supersonic speeds
the reverse is true, bubt to & lesser degree.

5. The rolling behavlior was somewhst ‘Improved when the roll entry
Wwas performed st a lower angle of gbtback for a glven speed.
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6. The wing-tip extensions had no noticeable effect on rolling
behgvlior obther than an expected slight reduction in maximm rolling
veloclty.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,
Edwards, Cslif., December 12, 1955.
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TABIE I

PEYSICAT. CHARACTERISTICS OF ATRPLANE

Baslc wing plus
wing-tlp extensions

Wing:
Adrfoll sectlon « « 4 ¢ o ¢ + ¢ ¢ o« = « « « « « « NACA 644007 NACA 64A00T
Total eres (including alleron
and 83.84 sq £t covered by

fuselsge), sq £t . . . . 376.02 . 385.21..

0 VA 36.58 38.58
Mean serodynemic chord, £t . ¢ « « « ¢« ¢ o « o . 11.33 11.16
Roob chord, b o 4 o o« s o ¢ o o o o o o o 2 o« » 15.86 15.86
Tip chord, £5 ¢« = « ¢ o ¢ o « o« s ¢ ¢ ¢ o « o = &« k.76 4,15
Taper ratio ¢ o ¢ ¢ ¢ ¢ ¢ ¢ o ¢ 2 2 4 4 0 e 0 a0 0.30 0.262
Aspect rablo . ¢ . e s s e 5 4 s s e 6 e e o o . 3.56 3.86
Sweep at 0.25 chord 1ine, Aeg « « o« « « ¢ o o « o k5 45
Incldence, deg .« « ¢ ¢« ¢ o ¢ ¢« s o« ¢« ¢ o o ¢ o & o o
Dihedral, GEE « « « « « o « ¢ « o = ¢ o = « = o « 0 0
Geametric twist, deg . « . ¢« 4 ¢ ¢ ¢ ¢« « s o & & o (o]
Alleron;

Ares rearwerd of hinge line (each), sq £t . . . . 15.32 19.32
Span at hinge 1ine (each), £t . « v ¢ o ¢ « « &« .« 7.681 7.81
Chord rearward of hinge line, percent

Wwing chord . ¢« « ¢ ¢ o ¢ o 2 ¢ o o s o o = ¢ = 25 25
Travel (each), A0 "« = « o =« « « « « o o o « o« & 15 15
Lesding-edge slat:

Span, equivalent, £6 . . . ¢« ¢+ ¢ . ¢ 4 e ¢ o o @ 12.71 12.71
Segments .« ¢« « + o o . e 6 6 s s e b & 6 s e e o 5 5
Spanwise locatlon, inboard end, percent

wing semispan « + ¢« o + o o ¢ o o s &+ 0 e 5 o & 2h.6 23.3
Spenwlse location, outboard end, percent

Wing SemiBpan . o« « « &+ ¢ 2 o o o s 8 o 6 e . . gh.1 8g.2
Raetlo of slat chord to wing chord

(parallel to fuselage reference line),

percent . ¢ ¢« 4 e s e e . s 6 5 5 0 e 6 v o @ 20 20
Rotation, meximum, deg .« ¢ « ¢ ¢ ¢ o ¢ o ¢« ¢ « & 15 15

Horizontal tall:
Alrfoll Bsection » v o« o « « ¢ o s ¢ o o ¢« « s ¢ ¢ ¢+ + o« s o o « « « HNACA 654003.5
Total ares (including 31.65 sq £t covered by

fuselage), 84 £t . &+ ¢« v s o o 4 .

Mean serodynamic chord, ££ . & ¢ ¢ ¢ « ¢ o s o = « ¢ o « s s o ¢ s ¢ ¢ » 5.8%
Root Chord, £t o « o « « « « o o 8.14
Tip chord, £ ¢ o o ¢ « o « « o 2 o o o o o« ¢ ¢ o o o ¢« o o s o 8 e o o = 2.46
Taper Tablo o« o« ¢ ¢ o ¢ o ¢ o o ¢ o o ¢ o &« & ¢ s o s s s s o s s ¢ v o o 0.30
Bepect BE10 . 4 . e 4 e 4 e e e e e e e e 3.54
Sweep at 0.25 chord 1dne, 38 -« + « « o & « « ¢ o o « o o s o s s 6 s o . k5
DINEATEL, GEE « o « « o o o o = ¢ o o o o o o o o o 0 o o ot o .. 0
Travel, leading edge Up, G8Z .« « « ¢ ¢« ¢ ¢« ¢ o ¢ o ¢ « o o o = & = o P 5
Travel, leading edge down, deg e e s s s s s e s e e e s e v o v . . 25

Irreversible hydraulic boost and
artificisl. feel
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TABIE I.- Concluded

PHYSICAYL, CHARACTERISTICS OF ATRPTANE

Spen (unblanketed), £H « o « = ¢ ¢ = » o «
Mean serodynemic chord, £6 .« ¢« = « + .« - «
Boob chord, £ « o « ¢ o « s ¢ o « = « « &
Tipchord, £ o « ¢ ¢« = ¢ ¢ ¢ o o o o & o «
Teper Xeblo o« ¢« o 4 4 ¢ o a ¢ o o« « o 2 & @
Aspect rablo . . ¢ c o v 4 e e e e . s .
Bweep at 0.25 chord Iine, deg .+ &« o &« - « .
Rudder:

Area, rearward of hinge line, sg £t . . . .
Spen 2t hinge 1ine, P& . ¢ = ¢ ¢ ¢ ¢« « o &
Roob chord, 6 &+ « ¢ ¢ « o« ¢ a & ¢ o « « &
Tipchord, £5 « ¢ + ¢ « ¢ ¢ = ¢ s « ¢ ¢ « &
Travel, G8Z ¢« ¢« « s o o« o ¢ o o o o« o s s o

Fuseldge:

Length (afterburrer nozzle closed), £t .
Mexdmum width, £5 . « « ¢ ¢ o ¢ o & & o &
Ha.:dmmdegﬂ:lomcampy,ft......
3ide aves (total), 84 £5 . ¢« ¢« « ¢ = « .
Fineness ratic {efterburner nozzle closed)

Speed breke:
Burface axee, 8Q £5 & ¢« ¢ ¢ ¢ o . e 0 4 . .
Maximum deflection, deg « « « = ¢ o o & & &

Power plant:
Turbojet engine . e s o 4 o o .

Thrust (gxmran’bee ses levv_'l.), afterburnsr, 1b

MIJitary, 1B e « ¢« o « o o s o ¢ s 5 o o »
Hormel, 1B ¢ « ¢ o« ¢ ¢« o o ¢ » o o o o o o

Alvplane weight, Ib:
Baslc gwithmrt fuel, oil, water, pilot) . .
Totel (full fuel, oll, water, pllot) . ..

Center-af-gravity location, percent C:
Totel welght - gear oW . & ¢ ¢« ¢ ¢« « « &
Total welghti — EBET UD < ¢ « o o o « « & &

Moments of inertis (estimsted total welght):
Ty, Blug-ft2 . . . . ... el e e e e

Ty, BTUG-F62 .+ o v i e e e e e e e e e
Iz, slug-£62 . . ... ... ...
Igz 8lug282 L L L i i e e i ...

L

Inclination of principel axts (estimated total weight):
Below reference axies at nose, deg « « « « o o« « & o &

aEsE—

A

33.5

2.11
6.1k
5.83
1.7

o.
1.13
45

4.5

B

NACA 654005.5 HNACA 65A003.5 KACA 65A003.5

o T

P OV
ER8RE

o
F&E8

15,000
9,220
8,000

135
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Figure 1l.- Three-view drawing of alrplane with vertical tail A.
dimensions 1in inches.
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Teil C
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Flgure 3.- Sketch of vertical tails A, B, and C.
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Figure 4.- Photograph of two alrplanes showing tails A and C.
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Figure 6.- Sketch of typical roll msneuver showlng changes in angles of
attack and sldeslip.
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Flgure T.- Variation with maximum rolliing velocity of changes in angle of attack and sldeslip
developed during aileron rolls with tall A for bank angles less than 90°.
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. Figure 8.~ Varlation with meximm rolling velocity of changes in sngle of attack and a.ngle of
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Figure 9.- Quantities measured durlng a left alleron roll with tail B
at M =~ 0.93; hp = 40,000 feet.
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Figure 10.- Quantities measured during full-deflection aileron rolls with
tail C at M =~ 1.26; by =~ 40,000 feet.



10
Aa,deg 0
) P o
B3 r oo
40 -
20 —— :
O Right roll, wing-tip extensions
DLeft rolf,wing—tip exfensions
®Right roll, basic wing
0 Mieft roll, basic wing® k
O
0] .94 o
° %" ‘e 0
AB, deg ¢ Po W o2
) Ol
- o
T m o
-IO E!'
. ]
9
"% | 2 3 4 5 0 | 2 3 4
Pmax» fodians/sec
(a) M =~0.73; by =~ 30,000 feet. (b) M =0.83; by =~ 40,000 feet.

Figure 11.- Varlation with mexdmm rolling velocity of changes in angle of attack and engle of
gldeglip developed during alleron rolls with tall C.
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Figure 11.- Continued.
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Figure 11.- Conecluded.
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Flgure 15.- Effect of angle of attack for roll entry on rolling motlion
with tall C at M =~ 0.73; hp = 30,000 feet.

NACA - Langley Field, Va. ‘






